To investigate the effects of ischemic preconditioning (IPC) on the expression of pro and anti-apoptotic genes in rat endothelial cells undergoing enteric ischemia (I) and reperfusion (R).
Introduction
Ischemia followed by reperfusion (I/R) promotes multiple biological responses that cause tissue injury and organ damage.
These responses include the generation of reactive oxygen species (ROS), the activation of transcription factors, the production of cytokines and eicosanoids, the expression of inducible nitric oxide synthase (NOS) and adhesion molecules, injury to blood vessel endothelium, neutrophil infiltration, platelet adhesion, microscopic circulating deficit, and apoptosis 1 . In the intestine, I/R injury is the major factor responsible for intestinal dysfunction and is a determinant of patient prognosis after transplantation.
Thus, novel strategies to prevent or ameliorate intestinal I/R injury are necessary to improve patient outcomes following organ transplantation 2, 3 .
I/R injury is considered to be the principal trigger of systemic inflammatory response syndrome (SIRS) and is a crucial process associated with an increased incidence of chronic rejection after transplantation. SIRS often progresses to multiple organ failure, resulting in up to 80% mortality 1 . Reperfusion of ischemic tissues is often associated with microvascular dysfunction that manifests as impaired endothelium-dependent dilation in arterioles, enhanced fluid filtration and leukocyte plugging in capillaries, and leukocyte trafficking and plasma protein extravasations in post capillary venules 1 .
Endothelial cells modulate many important vascular functions, such as vascular tone, inflammation, homeostasis, and angiogenesis 4 . Activated endothelial cells in all segments of the microcirculation produce more oxygen radicals, but less nitric oxide, in the initial period following reperfusion. The resulting imbalance between superoxide and nitric oxide in endothelial cells leads to the production and release of inflammatory mediators (e.g., platelet-activating factor and tumor necrosis factor) and enhances the biosynthesis of adhesion molecules that mediate leukocyte-endothelial cell adhesion 1 .
The inflammatory mediators released as a consequence of reperfusion also appear to activate endothelial cells in remote organs that are not exposed to the initial ischemic insult 1 . This remote response to I/R can result in the leukocyte-dependent microvascular injury that is characteristic of multiple organ dysfunction syndrome 1 .
Intestinal I/R injury is multifactorial and involves impaired blood flow reconstitution, increased expression of adhesion molecules, neutrophil activation, activation of antigenpresenting cells (APCs), cytokine/chemokine release by infiltrating leukocytes, oxidative stress, and endothelial cell apoptosis 2, 3 . It is assumed that the initial endothelial damage plays a pivotal role in intestinal I/R, but limited access to endothelial tissue is a major constraint when investigating the cellular mechanisms of vascular inflammation 4 .
In 1986, Murry et al. 5 observed that ischemic preconditioning (IPC) for a short duration before long-term I/R reduced the severity of the subsequent I/R injury. This phenomenon has since been documented in a variety of organs.
Because it is easy, efficient, and cost-effective, IPC has been used in clinical medicine. The duration of IPC necessary to acquire tolerance to ischemia differs for every internal organ.
There are two temporally and mechanistically distinct types of protection afforded by this adaptive response: acute and delayed preconditioning. In general, the protective effects of acute preconditioning are independent of protein synthesis, whereas the effects of delayed preconditioning require protein After the samples were collected, the animals received an intravenous injection (0.3 ml/kg) of a combination of embutamide, mebezone and tetracain which promotes rapid death.
RNA preparation and quantitative real-time RT-PCR
The Rat Endothelial Cell Biology RT² Profiler™ PCR array from SABiosciences (Frederick, Maryland; catalog # PAMM-065) was performed according to the manufacturer's protocol.
Briefly, total RNA was extracted from S and I/R small bowel tissues using TRIzol reagent (Life Technologies, Grand Island, NY, USA) and purified using an RNeasy MiniKit (QIAGEN, USA).
The concentration of each total RNA sample was determined by spectrophotometer, and the quality was assessed by electrophoresis on 2% agarose gels. The first strand complementary DNA (cDNA) was synthesized using 1 µg of total RNA and the RT² First Strand 
Statistical analysis

Discussion
Our results clearly demonstrate a down regulation of the genes related to endothelial cell biology in the rats that underwent IPC. The down regulation of these genes was observed in the IG+IPC and IRG+IPC. These results are consistent with the hypothesis that IPC promotes the decreased expression of genes that modulate the lesions produced by I/R.
Whether the expression of certain genes corresponds to effective protein synthesis remains to be ascertained. Reports in the literature assume that proteins having matching or similar profi les tend to be functionally linked 1 . Those proteins that function together in a pathway or complex are likely to evolve in a correlated fashion. To enhance our analysis, we sought to group
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genes according to the similarity of their previously characterized cellular activity. We focused on two clusters that are relevant to intestinal I/R: the caspase activation cluster (Bax, Casp1, Casp3, Casp6, Cflar) and the induction of apoptosis cluster (Bax, Casp1, Casp3, Plg, Fas). In addition, we assessed the expression of antiapoptotic genes (Bcl2, Bcl2l1, Naip2) that are important for intestinal I/R.
Induction of apoptosis cluster (Bax, Casp1, Casp3,
Casp6, Plg, Fas)
It is well established that apoptosis plays an essential role in regulating development, homeostasis, and immune defense by removing redundant or abnormal cells from organisms 7, 8 . A delicate balance between pro-apoptotic mechanisms and antiapoptotic mechanisms determines whether a cell death signal can activate the execution of the apoptotic program 9, 10 .
The cysteine-aspartic acid protease (caspase) family is involved in the signal transduction pathways of apoptosis, necrosis and inflammation. . Full length and shorter isoforms have been shown either to induce apoptosis or to reduce TNFRSF-triggered apoptosis 12 .
We observed that the Cflar gene was down regulated in the IG + The protein encoded by the Plg gene is a secreted blood zymogen that is activated by proteolysis and converted to plasmin and angiostatin 16 . Plasmin dissolves fibrin in blood clots and is an important protease in many other cellular processes, whereas angiostatin inhibits angiogenesis 16 . In the present study, the Plg 
Conclusion
Ischemic preconditioning may protect against cell death caused by ischemia and reperfusion.
